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1
SMART THERMOSTAT FAN CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a Continuation In Part of U.S.
patent application Ser. No. 16/909,752 filed Jun. 23, 2020,
which 1s a Continuation in Part of U.S. patent application
Ser. No. 16/897,634 filed Jun. 10, 2020, which 1s a Con-
tinuation In Part of U.S. patent application Ser. No. 16/882,
222 filed May 22, 2020, which 1s a Continuation In Part of
U.S. patent application Ser. No. 16/869,396 filed May 7,
2020, which 1s a Continuation In Part of U.S. patent appli-
cation Ser. No. 16/565,464 filed Sep. 9, 2019, which 1s a
Continuation In Part of U.S. patent application Ser. No.
16/289,313 filed Feb. 28, 2019, and U.S. patent application
Ser. No. 16/565,464 filed Sep. 9, 2019, also claims the
priority ol U.S. Provisional Patent Application Ser. No.
62/728,518 filed Sep. 7, 2018, and U.S. patent application
Ser. No. 16/565,464 filed Sep. 9, 2019, 1s also a Continuation
in Part of U.S. patent application Ser. No. 16/005,666 filed
Jun. 11, 2018, and U.S. patent application Ser. No. 16/869,
396 filed May 7, 2020, 1s also a Continuation In Part of U.S.
patent application Ser. No. 16/011,120 filed Jun. 18, 2018,
which 1s a Continuation In Part of U.S. patent application
Ser. No. 15/169,586 filed May 31, 2016, and U.S. patent
application Ser. No. 16/289,313 filed Feb. 28, 2019, 1s a
Continuation In Part of U.S. patent application Ser. No.
15/614,600 filed Jun. 5, 2017, which 1s a Continuation In
Part of U.S. patent application Ser. No. 15/358,131 filed
Nov. 22, 2016.

BACKGROUND OF THE INVENTION

The present invention relates to Heating, Ventilating, and
Air Conditioning (HVAC) systems, and a fan controller
controlled by a user, an HVAC system control board, a
thermostat, or an energy management system.

Known smart thermostats may provide a fan control
option to operate the fan for a fraction of an hour which may
be set by a user to repeat every hour. For example, a
non-patent publication by Ecobee Inc. describes an inter-
mittent fan-on minmimum setting operating on an hourly
basis. “If the Fan Min On Time 1s set for 15 minutes or
lower, the fan will operate 1n two separate segments across
the hour; if the Fan Min On Time 1s set for 20 minutes or
higher, the fan will run 1n four equal segments (of 5 minutes
or more each) across the hour. If a heating or cooling cycle
operates within any given hour, the length of either cycle
will be deducted from the Fan Min On Time. For example,
iI your cooling runs for 5 minutes and your Fan Min On
Time 1s set to 20 minutes, S minutes will be deducted from
the Fan Min On Time.” See non-patent publication by
Ecobee Inc., “How to control your HVAC system’s fan with

your ecobee thermostat”™ Date: Jan. 13, 2020, Page 7,
Published by Ecobee Inc., 25 Dockside Dr., Suite 700,

Toronto, ON M5A OBS, Canada
https://support.ecobee.com/hc/en-us/articles/
360004°798951-How-to-control-your-HVAC -system-s-fan-
with-your-ecobee-thermostat. Also see non-patent publica-
tion by Google Inc. “How to Control Your Fan with a Nest
Thermostat,” Date: Dec. 30, 2019, Pages 1, Published by
Google, Inc., 1600 Amphitheatre Parkway, Mountain View,
Calif. 94043 USA. https://support.google.com/googlenest/
answer/92964197hl=en.

Known fan controllers provide fan-off delays at the end of
a Tan G signal energized by 1tselt without an AC Y signal or
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without a heat W signal and operate the fan longer than a
user selected hourly or intermittent fan-on duration which
increases fan energy use by 20 to 50%. Known fan control-
lers do not provide a solution to resolve the unresolved
problem of increasing fan energy use during hourly or

intermittent fan-on operation that wastes HVAC energy
specifically when a building 1s unoccupied.

BRIEF SUMMARY OF THE INVENTION

Smart thermostats provide many methods for users to
select an hourly fan-on duration control or an intermittent
fan-on duration control for a fraction of an hour to operate
a system fan/blower of a Heating, Ventilating, Air Condi-
tioning (HVAC) system for a fraction of each hour. Known
fan controllers that provide a fan-oil delay using the fan G
signal as a proxy for an Air Conditioning (AC) compressor
Y signal (or “AC Y signal” or “compressor Y signal”) will
provide a fan-ofl delay at the end of every fan G signal from
the thermostat which will operate the fan longer than the
user selected hourly or intermittent fan-on duration. The
present invention smart thermostat fan controller monitors
and detects when the fan G signal 1s energized without a
thermostat call for cooling or without a thermostat call for
heating, and does not provide a fan-off delay atter the fan G
signal from the thermostat 1s de-energized (without a ther-
mostat call for cooling or heating) to avoid wasting fan
energy.

Known fan controllers can inadvertently provide signifi-
cantly more fan energy (e.g., 800 to 2400 kWh/yr) depend-
ing on the fan motor power (kilowatts or kW), hours of
intermittent fan-on operation per year, and the fan-oil delays
provided by known fan controllers. The extra fan energy
provided by known fan controllers that provide a fan-ofl
delay after every fan-on period can be greater than the
expected energy savings provided by smart thermostats. For
example, 11 only 6 to 10 percent of smart thermostat users
select a 30-minute mtermittent fan-on duration per hour and
also have a known fan controller that provides a fan-off
delay after each intermittent fan-on duration, then the extra
fan energy used by only the 6 to 10 percent of users with the
known fan controller may increase energy use enough to
oflset or eliminate energy savings for the remaiming 90 to
94% of users who do not select a 30-minute 1ntermittent
fan-on duration.

The smart thermostat fan controller resolves this problem
and avoids wasting fan energy by monitoring the fan G
signal 1mput, the AC Y signal input, and the heat W signal
input from the thermostat and not providing a fan signal
output from a switching device and not energizing a fan
relay and operating a system fan/blower of a HVAC system
for a fan-ofl delay at the end of the fan G signal duration
when the fan G signal iput was previously energized and
the AC signal input was not previously energized or when
the fan signal input was previously energized and the heat W
signal 1input was not previously energized. When only the
fan G signal from the thermostat 1s energized without the AC
Y signal or the heat W signal being energized, the smart
thermostat fan controller provides the fan G signal output
from the switching device to energize a fan relay and operate
the system fan/blower.

The smart thermostat fan controller also energizes the at
least one switching device and the fan signal output to
energize a fan relay and operate the system fan/blower for a
variable fan-off delay after the ACY signal input (or heat W
signal) input 1s de-energized. The variable fan-ofl delay
occurs simultaneously with a thermostat fan-off delay or the
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thermostat fan-off delay 1s subtracted from the variable
tan-ofl delay or the thermostat fan-off delay 1s zero. The
smart thermostat fan controller may also detect and report a
fan-on alarm message for a user to override a fan-on

duration control to save energy and improve occupant coms-
fort.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of
a smart thermostat fan controller will be more apparent from
the following more particular description thereof, presented
in conjunction with the following drawings wherein:

FIG. 1 shows the smart thermostat fan controller appara-
tus comprising: a plurality of low-voltage signal inputs to
control a system fan/blower of a Heating, Ventilating, Air
Conditioning (HVAC) system; an AC-DC converter, a signal
conditioner, a microprocessor, at least one switching device;
and at least one low-voltage signal output comprising a fan
signal output.

FIG. 2 shows 1nternal electronics of the signal condition-
ing clement.

FIG. 3 shows an HVAC system and drybulb temperature
sensors measuring a supply air temperature, a return air
temperature, and a conditioned space temperature.

FIG. 4 shows a plot of the fan power kilowatts (kW)
versus time for the known fan controller which provides a
3.75 minute fan-ofl delay after each 7.5 minute fan-on
period provided by a smart thermostat and uses 50% more
fan energy than the smart thermostat.

FIG. 5 shows the smart thermostat fan controller which
provides no fan-ofl delay after each 7.5-minute fan-on
period provided by smart thermostat and saves about 1600
kWh per year compared to the known fan controller shown
in FIG. 4.

FIG. 6 shows a graph of cooling efliciency (Energy
Efficiency Ratio, EER), cooling system power, outdoor air
temperature, indoor thermostat temperature, and rate of
change of indoor thermostat temperature versus time of
operation for a direct-expansion air conditioning cooling
system with known control and the smart thermostat fan
controller.

FIG. 7 shows a graph of heating efliciency, outdoor air
temperature, indoor thermostat temperature, and rate of
change of indoor thermostat temperature versus time of
operation for a gas furnace heating system with a known
control and the smart thermostat fan controller.

FIG. 8 shows a first method performed by a micropro-
cessor of the smart thermostat fan controller for a Heating,
Ventilating, Air Conditioning (HVAC) system including the
fan plus cooling and heating.

FIG. 9 shows a second method performed by a micro-
processor of the smart thermostat fan controller for a HVAC
system 1ncluding the fan plus cooling.

FIG. 10 shows a third method performed by a micropro-
cessor of the smart thermostat fan controller for a HVAC
system 1ncluding the fan plus heating.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The following description 1s of the best mode presently
contemplated for carrying out the mvention. This descrip-
tion 1s not to be taken 1n a limiting sense, but 1s made merely
tor the purpose of describing one or more preferred embodi-
ments of the mvention. The scope of the invention should be
determined based on the claims.
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FIG. 1 shows a smart thermostat fan controller 7 receiving
signals from a smart thermostat 3 where the smart thermo-
stat 3 controls a Heating, Ventilating, Air Conditioning
(HVAC) system or HVAC system 200 comprising a fan relay
205, a system fan/blower 206, a heater 202, an optional Heat
Pump (HP) reversing valve (HP Rev) 263, and an Air
Conditioning (AC) or an AC/HP compressor 203. The smart
thermostat 3 and the HVAC system 200 receive electrical
power from a hot R terminal of a system transformer 210 to
a R terminal of the smart thermostat 3 and the R terminal of
the HVAC system 200 and a COM C (common) terminal of
the system transformer 210 to a C terminal of the smart
thermostat 3 and the C terminal of the HVAC system 200.
The smart thermostat 3 controls the HVAC system 200 by
energizing or de-energizing a fan G signal on a G terminal,
a compressor Y signal on a Y terminal, a heat W signal on
a W terminal, and a HP Rev signal on an O/B terminal
connected to the HVAC system 200 mnputs G, Y, W, and O/B.
FIG. 1 shows the G terminal of the smart thermostat G 1s
clectrically connected to the fan G signal mput 214 of the
smart thermostat fan controller 3 and the fan signal output of
the smart thermostat fan controller 7 1s electrically con-
nected to the G terminal of the HVAC system 200 which 1s
clectrically connected to a fan relay 205 and the system
tan/blower 206 which circulates air from a conditioned
space (not shown) through the HVAC system 200.

The smart thermostat fan controller 7 comprises: a plu-
rality of signal inputs to receive low-voltage signals from the
smart thermostat 3, an AC-DC converter 303, a signal
conditioner 306, a microprocessor 304, at least one switch-
ing device 301; and at least one low-voltage signal output
comprising the fan signal output 212 which controls the fan
relay 205 and the system fan/blower 206. The signal imnputs
include: a hot R signal input 213, a COM C signal input 221,
the fan G signal mnput 214, an AC Y signal mput 215, a heat
W signal input 216, an optional HP detect signal input 234,
and at least one optional temperature sensor iput 236 from
at least one temperature sensor 237 to monitor at least one
drybulb temperature selected from the group consisting of:
a Conditioned Space Temperature (CST), a Return Air
Temperature (RAT), and a Supply Air Temperature (RAT).
The optional HP detect signal input 234 provides at least one
signal selected from the group consisting of: a sinusoid
signal provided by a wire 265 connected to a hot R signal
from the system transformer 210 to detect a HP reversing
valve 263 energized for cooling on the heat W signal input
216, and a rectified signal provided by an optional diode 275
connected to the hot R signal from the system transformer
210 to detect the HP reversing valve 263 energized for
heating on the heat W signal mput 216. The HP reversing
valve 263 1s energized or de-energized by an O/B output
signal from the smart thermostat 3.

FIG. 1 shows the fan signal output 212 1s connected to the
at least one switching device 301 which 1s controlled by the
microprocessor 304 (which includes flash memory) which
energizes the at least one switching device 301 using a fan
control signal 274. The fan signal output 212 1s electrically
connected to the fan G terminal of the HVAC system 200
which 1s electrically connected to the fan relay 205 and the
system fan/blower 206 to circulate air through the HVAC
system. FIG. 1 shows the COM C signal mput 221 con-
nected to an optional zero crossing detector 302 which
provides a digital timing signal 272 to the signal conditioner
306 which transforms the 24 Volts Alternating Current
(VAC) analog signal inputs to low-voltage digital signals. In
another embodiment the digital timing signal 272 is pro-
vided 1n a software program in the microprocessor 304.
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The microprocessor 304 keeps track of seconds and
minutes by either monitoring the output from the optional
zero crossing detector 302, or by counting microprocessor
clock cycles using a 60 Hz electrical signal to provide
precise timing which does not vary from system to system
or due to aging or temperature of the components. Each
positive zero crossing accounts for Ysoth of a second; there-
fore, sixty positive crossings occur each second. The sec-
onds are then accumulated to keep track of minutes. The
negative crossings are also monitored to provide timing for
the at least one switching device 301. The microprocessor
304 continuously monitors all inputs to determine 11 there 1s
any change to the current system operation. The micropro-
cessor 304 contains flash memory, to store the programming
instructions and data when there 1s no power applied to the
unit.

If the optional HP detect signal input 234 1s not connected
from the system transformer 210 to the smart thermostat fan
controller, then the microprocessor 304 detects the optional
HP detect signal input 234 1s floating and processes the heat
W signal input as connected to an HVAC system with a gas
furnace, electric resistance, or hydronic heating system. If
the optional HP detect signal mput 234 1s connected with a
wire 265 (shown as a dashed line) to the hot R signal input
from the system transformer 210, then the microprocessor
304 detects the optional HP detect signal input 234 as a
sinusoid wavelorm (driven above and below ground) and
processes the heat W signal input 216 as a HP Rev signal
input energized for cooling. If the wire 265 1s connected to
the positive anode terminal of an optional diode 275 with the
negative cathode terminal connected to the HP detect signal
input 234 and the wire 265 1s also connected to the hot R
signal input from the system transformer 210, then the
optional HP detect signal mput 234 provides a positive
signal during the positive cycle of the hot R signal input 213
and a floating signal during the negative cycle (where the
signal 1s rectified by the optional diode 275) which allows
the microprocessor 304 to process the heat W signal input
216 as a HP Rev signal input energized for heating.

FIG. 1 also shows the COM C signal input 221 connected
to an AC-DC converter 303 which receives a low voltage
power signal from the system transformer 210. The hot R
signal input 213 1s shown as a ground in FIG. 1. In another
embodiment, the hot R signal mput 213 can be switched
with the COM C signal input 221. If these inputs are
switched, the COM C signal mput 221 would be used as a
ground and the hot R signal mput 213 would be connected
to the optional zero crossing detector 302 and the AC-DC
Converter 303, but the hot R signal input 213 would still be
connected to the at least one switching device 301, and the
COM C signal mput 221 would still be connected to the
signal conditioner 306. The AC-DC converter 303 provide
an optional power supply voltage 270 to the signal condi-
tioner 306 and the microprocessor 304. FIG. 1 also shows an
optional WIFI device 309 for wireless communication con-
nected to the microprocessor 304 by a wire carrying a digital
signal 276, an optional user interface 305 connected to the
microprocessor 304 by a wire carrying a digital signal 278,
an optional battery 308, and a capacitor 312.

FI1G. 2 shows an embodiment of the internal electronics of
the signal conditioner 306 used to process analog signal
iputs. FIG. 2 shows the COM C signal input 221 providing
a reference voltage to an optional load resistor 852. FIG. 2
also shows the optional power supply voltage 270 from the
AC-DC converter 303 providing power for an optional
pull-up resistor 854 and an analog signal mput to process
analog signal inputs from the smart thermostat including the
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fan G signal input 214 (see FIG. 1), the AC Y signal input
215, the heat W signal input 216 or the optional HP detect
signal mnput 234. FI1G. 2 shows a typical digital signal output
to the microprocessor 304 which would include all the smart
thermostat signals as digital signals. FIG. 2 shows a first
Zener diode 830, a second Zener diode 851, and an opto-

1solator 856 comprising two Light Emitting Diodes (LEDs)
and a photo-sensitive transistor which could be configured
with a single LED. The two LEDs are used to signal the
microprocessor on both the positive and negative cycles of
the analog alternating current signal.

The signal conditioner 306 1s used to process false posi-
tive “stray” voltage signals from the HVAC system caused
by a faulty gas valve solenoid, a faulty contactor, a faulty fan
relay, an induced voltage due to a wiring 1ssue or a smart
thermostat due to a power stealing current. Known fan
controllers iterpret false positive stray voltage signals (e.g.,
10 VAC wavelorms) as a thermostat signal attempting to
energize a fan, a heating system, or a cooling system which
are typically 24 VAC signal mput voltages. The smart
thermostat fan controller resolves the unresolved false posi-
tive stray voltage signal problem by using the first Zener
diode 850 and the second Zener diode 851 1n series with the
input signal and opposite polarity. The signal passes through
an opto-isolator 856 which transfers electrical signals
between two 1solated circuits by light from the LEDs. The
opto-1solator 856 processes the 24 VAC analog signal to a
digital signal for the microprocessor 304. The opto-1solator
856 output 1s pulled up to the optional power supply voltage
2770 through the optional pull-up resistor 854 to subtract the
rated value of the first Zener diode 850 or the second Zener
diode 851 forward bias and the forward bias of the LEDs 1n
the opto-1solator 856 from the analog signal 1nput. If the first
Zener diode 850 and the second Zener diode 851 have a
value of 15V, then approximately 16.7 V will be subtracted
from the analog signal input before the microprocessor 304
receives the low-voltage digital signal from the opto-1solator
856 and the optional pull-up resistor 854.

The signal conditioner 306 eliminates false positive stray
voltage signals from being processed as active signals until
the signal surpasses a minimum threshold voltage. In one
embodiment the minimum threshold voltage 1s 16.7 VAC.
The method comprises eliminating at least one false positive
stray voltage signal by establishing at least one minimum
threshold voltage for at least one active control signal from
the thermostat using at least one Zener diode and at least one
opto-1solator and processing the at least one active control
signal from the thermostat selected from the group consist-
ing of: the fan G signal, the compressor Y signal, and the
heat W signal. The optional load resistor 852 shown 1n FIG.
2 1s connected between the mput pin to the transformer
common to provide a current path to the smart thermostat 1f
the signal 1s disrupted by the fan G signal input 214. The
value of the optional load resistor 852 1s similar to the fan
relay of the HVAC system 1n order for the smart thermostat
fan controller 7 to be transparent and not cause any control
or rehiability 1ssues for the smart thermostat.

FIG. 3 shows the HVAC system 200 connected by a
supply duct system 246 to a Conditioned Space 201 main-
tained at a Conditioned Space Temperature (CST) or a CST
245 by the HVAC system 200. The Conditioned Space 201
1s supplied with a supply airtlow 247 providing a Supply Air
Temperature (SAT) or a SAT 243 from the HVAC system
200 which 1s provided with a return airtlow 244 at a Return
Air Temperature (RAT) or a RAT 242 from a return duct
system 248 connected to the Conditioned Space 201.
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FIG. 4 shows a graph of fan power kilowatts (kW) on the
vertical axis versus time (minutes) on the horizontal axis for
the smart thermostat 3 which provides intermittent 7.5-
minute fan-on durations. A known fan controller 5 provides
3.75 minute fan-off delays after each 7.5 minute fan-on
duration and uses 350% more fan energy than the smart
thermostat which would be about 1600 kWh per year of
additional fan energy for this example. The known fan
controller uses the fan G signal as a proxy for the Air
Conditioner (AC) Y signal and mistakenly adds a fan-off
delay of 3.75 minutes based on one-half the fan-on time
from 4 to 8 minutes (0.5 times 7.5-minutes equals 3.75

minutes fan-ofl delay) as shown 1n FIG. 4.
a similar graph of the fan power (kW)

FIG. 5 shows
versus time (minutes) for the smart thermostat 3 which
provides the same intermittent 7.5-minute fan-on durations
as shown in FIG. 4. However, the smart thermostat fan
controller 7 detects the intermittent fan-on duration (e.g., fan
G signal mput energized without an AC Y signal or heat W
signal) and does not operate the system fan/blower when the
fan G signal input 1s de-energized based on at least one
signal combination selected from the group consisting of:
the fan G signal mput was previously energized while the
compressor Y signal input was not energized, and the fan G
signal mmput was previously energized while the heat W
signal input was not energized. The smart thermostat fan
controller 7 will save about 1600 kWh per year compared to
the known fan controller 5 shown 1n FIG. 4 (1600 kWh/
year=0.73 kKW times 3.75 minutes/duration times 4 fan-on
durations/hour divided by 60 minutes/hour times 8760
hours/year). The four 7.5-minute fan-on durations are based
on an ecobee® smart thermostat where a user selects an
hourly fan-on duration schedule of 30 minutes per hour, and
ecobee® divides the 30 minutes per hour fan-on duration
into four 7.5-minute fan-on durations per hour separated by
four 7.5-minute fan-ofl durations per hour. See non-patent
publication by Ecobee Inc., “How to control your HVAC
system’s fan with your ecobee thermostat” Date: Jan. 13,
2020, Page 7, Published by Ecobee Inc., 25 Dockside Dr.,
Suite 700, Toronto, ON MSA 0B5, Canada
https://support.ecobee.com/hc/en-us/articles/
3600047989351-How-to-control-your-HVAC -system-s-fan-
with-your-ecobee-thermostat.

FIG. 6 shows graphs representing the sensible cooling
Energy Efliciency Ratio (EER*) versus time of operation for
a DX AC cooling system with a known no-delay cooling
curve 311 and the smart thermostat fan controller 7 cooling
controls for a first variable fan-ofl delay cooling curve 313,
a second variable fan-ofl delay cooling curve 314, and a
third variable fan-oil delay cooling curve 315. The EER™ 1s
defined as the total delivered sensible cooling energy mea-
sured 1 British thermal units (Btu) divided by the total
clectrical power input measured 1n Watt-hours (Wh). Also
shown in FIG. 6 are graphs representing a total cooling
system power measured 1n kiloWatts (kW) referred to as a
power curve 327, the outdoor air temperature 325, the CST
316, a known lower thermostat differential 317 used to turn
off the cooling system, and a known upper thermostat
differential 319 used to turn on the cooling system.

FIG. 6 displays the EER* for the known no-delay cooling
curve 311 representing the known control which turns off the
AC compressor, condenser fan, and cooling ventilation fan
when the CST 316 decreases to the known lower thermostat
differential 317 a first time. The known no-delay cooling
curve 311 cooling EER* 15 5.27.

FIG. 6 displays the EER™* for the first variable fan-off

delay cooling curve 313 representing an embodiment of the
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smart thermostat fan controller 7. The AC compressor and
condenser fan are turned off when the CST reaches the
known lower thermostat differential 317 as shown 1n FIG. 4
where the power curve 327 drops from about 4.5 kW to 0.76
kW at 312. The cooling ventilation fan continues to operate
for a vaniable fan-ofl delay time (P2,,;) until the CST
reaches a mimmum Inflection Point (IP) at 318 where the
rate of change of the CST with respect to time (dT1/dt) 1s
approximately equal to zero plus or minus a tolerance. The
first variable fan-ofl delay cooling curve 313 EER* 1s 6.1
which 1s 13% greater than the no delay 5.4 EER* at 312.
FIG. 6 displays the EER* for the second variable fan-oft
delay cooling curve 314 representing another embodiment
of the smart thermostat fan controller 7 where the cooling
ventilation fan continues to operate for a vanable fan-ofl
delay time (P2,,,) until the CST increases and crosses the
known lower thermostat differential 317 again at least once.

The second variable fan-off delay cooling curve 314 EER*
1s 6.17 which 1s 14.3% greater than the no delay 5.4 EER*

at 312.

FIG. 6 displays the EER* for the third variable fan-off
delay cooling curve 315 representing another embodiment
of the smart thermostat fan controller 7 where the cooling
ventilation fan continues to operate for a variable fan-ofl
delay time (P2,,<) until the CST increases and crosses a
fan-ofl delay differential or a differential ofiset 324 one or

more times. The third vanable fan-oil delay cooling curve
315 EER* 1s 6.25 which 1s 15.7% greater than the no delay
5.4 EER* at 312. The fan-oil delay diflerential or differential
ollset varies based on at least one duration selected from the
group consisting of: a duration of a previous fan-ofl delay
time P2, a cooling duration P4, and an ofl-cycle duration
P11.

In alternative embodiments of the smart thermostat fan
controller 7, the variable fan-off delay time P2 may be based
on at least one parameter selected from the group consisting
of: the fan-on duration F6, the cooling duration P4, the
ofl-cycle duration P11, the CST, the SAT, and the RAT.
Operating mdividually or together, these variable fan-off
delay embodiments can be used to recover and deliver
additional sensible cooling energy from DX cooling or latent
evaporative cooling (from water condensed on the evapo-
rator during the DX cooling cycle) in order to improve
elliciency and thermal comiort and save energy by reducing
AC compressor operating time.

FIG. 7 shows graphs representing the heating efliciency
versus time of operation for a gas furnace heating system
with a known {first heating curve 328 and a known second
heating curve 329 and the smart thermostat fan controller 7
for a first variable fan-off delay heating curve 321, a second
variable fan-ofl delay heating curve 322, and a third variable
fan-ofl delay heating curve 323. The heating efliciency 1s
defined as the total delivered heating energy measured 1n
British thermal units (Btu) divided by the total gas energy
input measured 1n Btu.

Also shown 1n FIG. 7 are graphs representing the rated
elliciency 330, outdoor air temperature 333, the CST 334, a
known upper thermostat differential 335 used to turn off the
heating system, and a known lower thermostat differential
337 used to turn on the heating system.

FIG. 7 displays the heating efliciency for the known first

heating curve 328 and a known second heating curve 329 of
the known control. The known control turns on the furnace
when the CST reaches the known lower thermostat difler-
ential 337 and turns off the furnace when the CST reaches
the known upper thermostat differential 335. The known
control heating ventilation fan operates for a fixed fan-off
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delay time after the known control turns off the heating
system. For a gas furnace, the known control allows the
Forced Air Unit (FAU) to control the heating fan-off delay
using either a temperature-based fan-ofl delay or a fixed-
time fan-oil delay where the fixed-time delay 1s selected by
an installer or 1s a default factory setting. For known {irst
heating curve 328 the heating efficiency 1s 63% and for the
known second heating curve 329 heating efliciency 1s
65.8%.

FI1G. 7 displays the heating efliciency for the first variable
tan-oil delay heating curve 321 representing an embodiment
of the smart thermostat fan controller 7 where the heating
ventilation fan operates for a variable fan-ofl delay time
(P2,,,) until the CST reaches a maximum Inflection Point
(IP) at 331 where the rate of change of the CST with respect
to time (d'1/dt) 1s approximately equal to zero plus or minus
a confidence interval tolerance. The first variable fan-off
delay heating curve 321 heating efliciency 1s 71.7% which 1s
13.9% greater than the known first heating curve 328
cliciency of 63% and 9% greater than the known second
heating curve 329 efliciency of 65.8%.

FIG. 7 displays the heating efliciency for the second
variable fan-off delay heating curve 322 representing
another embodiment of the smart thermostat fan controller 7
where the heating ventilation fan continues to operate for a
variable fan-ofl delay time (P2;,,) until the CST increases
and crosses the known upper thermostat differential 335
again at least once. The second variable fan-off delay
heating curve 322 heating efliciency 1s 80.5% which 1s
2'7.8% greater than the known first heating curve 328
elliciency of 63% and 22.4% greater than the known second
heating curve 329 efliciency of 65.8%.

FI1G. 7 displays the heating efliciency for the third variable
fan-ofl delay heating curve 323 representing another
embodiment of the smart thermostat fan controller 7 where
the heating ventilation fan continues to operate for a variable
fan-ofl delay time (P2;,;) until the CST decreases and
crosses the variable fan-off delay differential or differential
offset 339 at least once. The third variable fan-ofl delay
heating curve 323 ethiciency 1s 83.2% which 1s 32% greater
than the known first heating curve 328 efliciency of 63% and
26.4% greater than the known second heating curve 329
elliciency of 65.8%. The heating vanable fan-oil delay may
vary depending on at least one parameter selected from the
group consisting of: a fan-on duration F6, a heating duration
P3, an ofl-cycle time P11, the CST, the SAT, and the RAT.
Operating individually or together, these variable fan-oif
delay embodiments can be used to recover and deliver
additional heating energy from a heat source to improve
elliciency and thermal comifort and reduce heating system
operating time to save energy.

FIG. 8 shows a first method 100 performed by the
microprocessor 304 of the smart thermostat fan controller 7
to control a system fan/blower 206 for the HVAC system
200 including cooling and heating. Step 101 of FIG. 8 shows
the method of monitoring at least one parameter selected
from the group consisting of: a fan G signal and a fan-on
duration F6 based on at least one fan-on duration control
selected by a user, a heating duration P3 based on a
thermostat call for heating, a cooling duration P4 based on
a thermostat call for cooling, a thermostat fan-ofl delay
duration P7 based on a fan G signal duration after the P3 or
alter the P4, an ofl-cycle duration P11 with neither the
thermostat call for heating nor the thermostat call for cool-
ing, a Conditioned Space Temperature (CST) 245, a Return
Air Temperature (RAT) 242, and a Supply Air Temperature
(SAT) 243. The thermostat call for heating 1s based on at
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least one heating signal combination selected from the group
consisting of: a heat W signal from the thermostat with or
without the fan G signal, a compressor Y signal and the fan
G signal and a Heat Pump (HP) reversing valve (HP Rev) B
signal, and the compressor Y signal and the fan G signal
without a HP Rev O signal. The thermostat call for cooling
1s based on at least one cooling signal combination selected
from the group consisting of: the compressor Y signal from
the thermostat with the fan G signal, the compressor Y signal

with the fan G signal without the HP Rev B signal, and the
compressor Y signal with the fan G signal and the HP Rev
O signal.

If step 102 of FIG. 8 1s Yes (Y) the fan G signal 1s
energized (fan G?), then the method proceeds to step 104 to

check 1if the heat W or the compressor Y 1s energized (W or
Y?). If step 104 1s Yes (Y), the method goes to step 110 and
if Yes (Y) the method proceeds to step 111 to energize or
continue to energize the fan signal output 212 to operate a
system fan/blower 206. At step 112 the method monitors the
at least one parameter in step 101 and loops back to step 110
until W or Y? Is No (N) and goes to step 113. At step 113,
the method energizes or continues to energize the fan signal
output 212 and operate a system fan/blower 206 for a
variable fan-off delay P2 provided by the fan controller
immediately after the P3 when the heat W signal 1s de-
activated or after the P4 when the compressor Y signal 1s
de-activated.

The P2 1n step 112 of FIG. 8 may be based on at least one
duration selected from the group consisting of: the P3 while
the heat W or the compressor Y signal 1s activated, and the
duration of the off-cycle while the heat W signal 1s de-
activated, the duration of the thermostat call for cooling
while the compressor Y signal 1s activated, and the duration
of the off-cycle while the compressor Y signal 1s de-
activated. The P2 may also be based on at least one drybulb
temperature measurement selected from the group consist-
ing of: the SAT, the RAT, and the CST. The P2 may also be
based on at least one fan-ofl delay temperature control
selected from the group consisting of: the P2 1s ended when
the SAT 1s at least 5 degrees Fahrenheit (° F.) less than the
CST or the SAT 1s at least 5° F. less than the RAT, the P2 1s
ended when the CST reaches an inflection point where a rate
of change of the CS'T with respect to time (d1/dt) equals zero
plus or minus a tolerance wherein the rate of change of the
CST with respect to time 1s defined as a temperature
difference between at least two measurements of the CST
divided by a time difference between the at least two
measurements of the CST, the P2 1s ended when the CST
increases above a previous measurement of the CST during
the variable fan-off delay or the variable fan-ofl delay 1s
ended when the CST crosses a lower cooling differential at
least once.

At step 114 of FIG. 8, the method loops until the P2 end?
During the loop the heat W signal or the compressor Y signal
are monitored and 1 W or Y are Yes (Y ), the method loops
back to 101 to continue. If W or Y are No (N) the method
continues until the P2 end? Step 116 checks the fan G signal
(fan G?), and 1f Yes (Y), goes to step 117 to provide at least
one fan-on alarm message (optional) using at least one
communication method selected from the group consisting
of: a graphical display, a text message, an email message,
and an audio communication message. After step 117, the
method continues to step 101. If step 116 1s No (N) fan G
signal 1s not activated, the method goes to step 118 to
de-energize or continue to de-energize the fan signal output
212 and system fan/blower 206 and continues to 101.
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If step 102 of FIG. 81s Yes (Y) (1an G si1gnal 1s activated),
the method goes to step 104 and if No (N), W or Y are not
activated, the method goes to step 105 to energize or
continue to energize the fan signal output 212 and the system
tan/blower 206 and goes to step 106 to momitor the at least
one parameter 1n step 101 and loops through step 107 where
tan G 1s Yes (Y) and step 119 optional fan-on alarm message.
The method then goes to step 104 and checks 11 the heat W
or compressor Y signals are activated (W or Y?). It step 104
1s Yes (Y), the W or Y are activated, then the method goes
to step 110 and continues as described above. If step 104 1s
No (N) (W or Y are not activated), the method continues to
step 105 and step 107 until step 107 1s No (N) the fan G
signal 1s de-activated and goes to step 108 to not provide a
fan-ofl delay and at step 109 de-energize or continue to
de-energize the fan signal output 212 and the system fan/
blower 206 and continues back to step 101. If step 102 1s No
(N) the fan G signal 1s de-activated, then the method goes to
step 103 to check 1f the heat W si1gnal 1s activated. If step 103
1s No (N), the method continues to step 101. It step 102 1s
Yes (Y), the method goes to step 120 to check 11 the fan-on
delay P1 has expired. If step 120 1s No (N), the method
continues to step 101. If step 120 1s Yes (Y), the method goes
to step 110 described above.

FIG. 9 shows a second method 121 performed by the
smart thermostat fan controller 7 to control a system fan/
blower 206 for a HVAC system 200 for cooling. Step 122 of
FIG. 9 shows the method of monitoring at least one param-

eter selected from the group consisting of: a fan G signal and
the F6, the cooling duration P4, the P7, the P11, the CST, the

RAT, and the SAT. If step 123 of FIG. 9 1s No (N), the fan
G signal 1s not energized (fan G?), then the method loops
back to step 122. If step 123 1s Yes (Y) the fan G signal 1s
energized (fan G?), then the method proceeds to step 124 to
check 1f the compressor Y 1s energized (comp Y?). I step
124 15 Yes (Y), the method goes to step 130 and if Yes (Y)
the method proceeds to step 111 to energize the fan signal
output 212 and operate the system fan/blower 206. At step
132 the method monitors the at least one parameter 1n step
122 and loops back to step 130 until Y? Is No (N) and goes
to step 133. At step 133, the method energizes or continues
to energize the fan signal output 212 and operate a system
tan/blower 206 for the P2 provided by the fan controller
immediately after the P4 when compressor Y signal 1s
de-activated.

The P2 1n step 133 of FIG. 9 1s based on at least one
duration or temperature measurement described above for
cooling. At step 134 of FIG. 9, the method loops until the P2
end? During the loop the compressor Y signal 1s monitored
at step 135. I step 135 1s Yes (Y ), the method loops back to
122 to continue. If Y 1s No (N) the method continues until
the P2 end? Step 136 checks the fan G signal (fan G?), and
if Y, goes to step 137 to provide at least one fan-on alarm
message described above. After step 137, the method con-
tinues to step 122. If step 136 1s No (N) fan G signal 1s not
activated, the method goes to step 138 to de-energize the fan
signal output 212 and system fan/blower 206 and continues
to 122.

If step 123 of FI1G. 9 1s Yes (Y) (fan G signal 1s activated),
the method goes to step 124 and 1 No (N), the Y 1s not
activated, the method goes to step 125 to energize the fan
signal output 212 and the system fan/blower 206 and goes to
step 126 to monitor the at least one parameter in step 122 and
loops through step 127 where fan G 1s Yes (Y ) and step 139
provides an optional fan-on alarm message. The method
then goes to step 124 and checks 11 the heat W or compressor

Y signals are activated (W or Y?). If step 124 15 Yes (Y) the
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method goes to step 130 and continues as described above.
It step 124 1s No (N) (W or Y are not activated), the method

continues through step 125 and step 127 until step 127 1s No
(N) the fan G signal 1s de-activated and goes to step 128 to
not provide a fan-ofl delay and at step 129 de-energize or
continue to de-energize the fan signal output 212 and the
system fan/blower 206 and continues back to step 122.
FIG. 10 shows a third method 140 performed by the
microprocessor 304 of the smart thermostat fan controller 7
to control a system fan/blower 206 for a HVAC system for
heating only. Step 141 of FIG. 10 shows the method of
monitoring at least one parameter selected from the group
consisting of: the F6, the P3, the P4, the P7, the P11, the
CST, the RAT, and the SAT. If step 142 of FIG. 10 1s No, the
method goes to step 143 and if step 143 1s No (N) the heat

W signal 1s de-activated, the method loops back to step 141.
If step 142 15 Yes (Y) the fan G 1s energized (fan G?), then

the method proceeds to step 144 to check 1f the heat W or

the compressor Y (for a heat pump) 1s energized (W or Y?).
If step 144 1s Yes (Y ), the method goes to step 150 and if Yes

(Y) the method proceeds to step 151 to energize the fan
signal output 212 to operate a system fan/blower 206. At
step 152 the method monitors the at least one parameter 1n
step 141 and loops back to step 150 until W? Is No (IN) and
goes to step 153. At step 133, the method energizes or
continues to energize the fan signal output 212 and operates
the system fan/blower 206 for a variable fan-ofl delay P2
provided by the fan controller immediately after the P3
when the heat W signal 1s de-activated.

The P2 1n step 153 of FIG. 10 may be based on at least
one duration selected from the group consisting of: the P3,
the P11, the F6, the SAT, the RAT, and the CST as described
above for heating. At step 154 of FIG. 10, the method loops
until the P2 end? During the loop the heat W signal or the
compressor Y (for a heat pump) 1s monitored and 1T W or Y
1s Yes (Y ), the method loops back to 141 to continue. If W
or Y? 1s No (IN) the method continues until the P2 end? Step
156 checks the fan G signal (fan G7), and 11 Yes (Y), goes
to step 157 to provide at least one fan-on alarm message
(optional) using the at least one communication method.
After step 157, the method continues to step 141. If step 156
1s No (N) fan G signal 1s not activated, the method goes to
step 158 to de-energize the fan signal output 212 and system
tan/blower 206 and continues to 141.

If step 142 of FIG. 10 1s Yes (Y) (fan G signal 1s
activated), the method goes to step 144 and if No (N), W or
Y are not activated, the method goes to step 143 to energize
the fan signal output 212 and the system fan/blower 206 and
goes to step 146 to monitor the at least one parameter 1n step
141 and loops through step 147 where fan G 1s Yes (Y) and
step 159 optional fan-on alarm message. The method then
goes to step 144 and checks 1f the heat W or compressor Y
signals are activated (W or Y?). I step 144 1s Yes (Y) the
method goes to step 150 and continues as described above.
If step 144 1s No (N) (W or Y are not activated), the method
continues through step 145 and step 147 until step 147 1s No
(N), the fan G signal from the thermostat 1s de- actlvated and
goes 1o step 148 and does not provide a fan-off delay. The
method then goes to step 149 to de-energize or continue to
de-energize the fan signal output 212 and the system fan/
blower 206 and continues back to step 141. I step 142 1s No
(N) detecting the fan G signal 1s de-activated, the method
goes 1o step 143 to check i1 the heat W signal 1s activated.
IT step 143 1s No (N), the method continues to step 141. If
step 143 15 Yes (Y), the method goes to step 160 to check 1
the fan-on delay P1 has expired. I1 step 160 1s No (N), the
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method continues to step 141. If step 160 1s Yes (Y), the
method goes to step 150 and step 151 and step 152 as
described above.

The method of controlling a fan comprises: detecting a
thermostat call for heating based on detecting heat W si1gnal
from a thermostat 1s activated or detecting a thermostat call
for cooling based on detecting a compressor Y signal from
the thermostat 1s activated and energizing a fan signal output
from a fan controller and operating a system fan/blower
while the heat W signal i1s activated or the compressor Y
signal 1s activated and energizing or continuing to energize
the fan signal output and operating the system fan/blower for
a variable fan-off delay provided by the fan controller
immediately after the heat W signal 1s de-activated or the
immediately after compressor Y signal 1s de-activated and
de-energizing the fan signal output and not operating the
system fan/blower after the variable fan-oif delay when a fan
G signal 1s not activated. The method also comprises detect-
ing the fan G signal 1s activated and the heat W signal 1s not
activated and the compressor Y signal 1s not activated
indicating at least one fan-on duration control selected by a
user, and energizing or continuing to energize the fan signal
output and operating the system fan/blower while the fan G
signal 1s activated and de-energizing the fan signal output
and not operating the system fan/blower and not providing
the varniable fan-ofl delay when the fan G signal 1s de-
activated.

The method also comprises detecting the fan G signal 1s
de-activated during the variable fan-ofl delay immediately
alter the heat W signal 1s de-activated or the fan G signal 1s
de-activated during the variable fan-ofl delay immediately
alter the compressor Y signal 1s de-activated and continuing
to energize the fan signal output and operating the system
tan/blower for the variable fan-ofl delay and de-energizing
the fan signal output and turning off the system fan/blower
alter the vanable fan-ofl delay.

The vanable 1 delay 1s based on at least one duration

fan-ofil
selected from the group consisting of: the duration of the
thermostat call for heating while the heat W or the com-
pressor Y signal 1s activated, and the duration of the ofl-
cycle while the heat W signal 1s de-activated, the duration of
the thermostat call for cooling while the compressor Y signal
1s activated, and the duration of the off-cycle while the
compressor Y signal 1s de-activated.

The variable fan-ofl delay 1s based on at least one drybulb
temperature measurement selected from the group consist-
ing of: a Supply Air Temperature (SAT), a Return Air
Temperature (RAT), and a Conditioned Space Temperature
(CST). The variable fan-ofl delay 1s based on at least one
fan-ofl delay temperature control selected from the group

consisting of: the variable fan-oil delay for heating 1s ended
when the SAT 1s at least 5 degrees Fahrenheit (° F.) greater
than the CST or the SAT 1s at least 5° F. greater than the RAT,
the variable fan-oil delay for cooling 1s ended when the SAT
1s at least 5 degrees Fahrenheit (° F.) less than the CST or the
SAT 1s at least 5° F. less than the RAT, the variable fan-oft
delay 1s ended when the CST reaches an inflection point
where a rate of change of the CST with respect to time
(d1/dt) equals zero plus or minus a tolerance wherein the
rate of change of the CST with respect to time 1s defined as
a temperature diflerence between at least two measurements
of the CST divided by a time difference between the at least
two measurements of the CST, the variable fan-off delay for
heating 1s ended when the CST decreases below a previous
measurement of the CS'T during the variable fan-oil delay or
the variable fan-off delay 1s ended when the CST crosses an
upper heating differential at least once, and the variable

10

15

20

25

30

35

40

45

50

55

60

65

14

fan-ofl delay for cooling 1s ended when the CST increases
above a previous measurement of the CST during the
variable fan-ofl delay or the variable fan-off delay 1s ended
when the CST crosses a lower cooling differential at least
once.

The at least one fan-on duration control selected by the
user 1s selected from the group consisting of: a continuous
fan-on duration setting or schedule, an intermittent fan-on
duration setting or schedule, a variable fan-on duration
setting or schedule, a fan-on duration setting or schedule, a
recurring fan-on duration setting or schedule, and a frac-
tional fan-on duration setting or schedule. The method
provides a fan-on alarm message indicating the system
fan/blower 1s operating intermittently or continuously and
providing the fan-on alarm message using at least one
communication method selected from the group consisting
of: a graphical display, a text message, an email message,
and an audio communication message.

Checking proper installation includes verifying a short
fan-ofl delay of less than 30 seconds when the thermostat
call for heating or the thermostat call for cooling 1s less than
2 minutes for verilying the system fan/blower continues
operating for the short fan-ofl delay after the thermostat call
for heating or the thermostat call for cooling and veritying
the system fan/blower turns off at an end of the short fan-oil
delay based on at least one verification method selected from
the group consisting of: decreasing a cooling thermostat
setpoint below a Conditioned Space Temperature (CST) and
energizing the cooling system for less than 2 minutes and
increasing the thermostat setpoint above the CST and de-
energizing the cooling system, and increasing heating ther-
mostat setpoint above the CST and enabling the thermostat
call for heating and energizing the heating system for less
than 2 minutes and decreasmg the thermostat setpoint below
the CST and de-energizing the heating system.

The thermostat call for heating 1s based on at least one
heating signal combination selected from the group consist-
ing of: a heat W signal from the thermostat with or without
the fan G signal, a compressor Y signal and the fan G signal
and a Heat Pump (HP) reversing valve (HP Rev) B signal,
and the compressor Y signal and the fan G signal without a
HP Rev O signal. The thermostat call for cooling 1s based on
at least one cooling signal combination selected from the
group consisting of: the compressor Y signal from the
thermostat with the fan G signal, the compressor Y signal
with the fan G signal without the HP Rev B signal, and the
compressor Y signal with the fan G signal and the HP Rev
O signal.

Processing the heat W signal as the Heat Pump (HP)
reversing valve signal 1s based on detecting at least one
signal selected from the group consisting of: a sinusoid
signal on a HP detect signal mput provided by a wire
connected to a hot R signal input from a system transformer
to detect a HP reversing valve energized for cooling on the
heat W signal mput, and a rectified signal on the HP detect
signal mput provided by a diode connected to the hot R
signal mput from the system transformer to detect the HP
reversing valve energized for heating on the heat W signal
input. The method further comprises eliminating at least one
false positive stray voltage signal by establishing at least one
minimum threshold voltage for at least one active control
signal from the thermostat using at least one Zener diode and
at least one opto-i1solator and processing the at least one
active control signal from the thermostat selected from the
group consisting of: the fan G signal, the compressor Y
signal, and the heat W signal.
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The method further includes detecting the heat W signal
1s activated and the fan G signal 1s not activated and waiting
to energize the fan signal output and operating the system
fan/blower until a fan-on delay P1 has expired to provide
time for a heat exchanger of a gas furnace to reach operating,
temperature.

While the invention herein disclosed has been described
by means of specific embodiments and applications thereof,
numerous modifications and varnations could be made
thereto by those skilled 1n the art without departing from the
scope of the mvention set forth in the claims.

The invention claimed 1s:

1. A method of controlling a fan, comprising:

detecting a thermostat call for heating based on detecting,
a heat W signal from a thermostat 1s activated or
detecting a thermostat call for cooling based on detect-
ing a compressor Y signal from the thermostat is
activated and energizing a fan signal output from a fan
controller and operating a system fan/blower while the
heat W signal 1s activated or the compressor Y signal 1s
activated and energizing or continuing to energize the
fan signal output and operating a system fan/blower for
a variable fan-off delay provided by the fan controller
immediately after the heat W signal 1s de-activated or
the immediately after compressor Y signal 1s de-acti-
vated and de-energizing the fan signal output and not
operating the system fan/blower after the variable fan-
ofl delay when a fan G signal 1s not activated;

wherein the varnable fan-off delay 1s based on at least one
duration selected from the group consisting of: the
duration of the thermostat call for heating while the
heat W or the compressor Y signal 1s activated, and the
duration of the thermostat call for cooling while the
compressor Y signal 1s activated; and

detecting the fan G signal 1s activated and the heat W

signal 1s not activated and the compressor Y signal 1s
not activated indicating at least one fan-on duration
control selected by a user, and energizing or continuing
to energize the fan signal output and operating the
system fan/blower while the fan G signal 1s activated
and de-energizing the fan signal output and not oper-
ating the system fan/blower and not providing the
variable fan-ofl delay when the fan G signal 1s de-
activated.

2. The method of claim 1, further including detecting the
tan G signal 1s de-activated during the variable fan-off delay
immediately after the heat W signal 1s de-activated or the fan
G signal 1s de-activated during the vanable fan-ofl delay
immediately after the compressor Y signal 1s de-activated
and continuing to energize the fan signal output and oper-
ating the system fan/blower for the variable fan-off delay
and de-energizing the fan signal output and turning off the
system fan/blower after the variable fan-off delay.

3. The method of claim 1, wherein the at least one fan-on
duration control selected by the user 1s selected from the
group consisting of: a continuous fan-on duration setting or
a schedule, an intermittent fan-on duration setting or the
schedule, a vaniable fan-on duration setting or the schedule,
a fan-on duration setting or the schedule, a recurring fan-on
duration setting or the schedule, and a fractional fan-on
duration setting or the schedule.

4. The method of claim 1, further comprising providing a
fan-on alarm message indicating the system fan/blower is
operating 1ntermittently or continuously and providing the
fan-on alarm message using at least one communication
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method selected from the group consisting of: a graphical
display, a text message, an email message, and an audio
communication message.

5. The method of claim 1, further including a short fan-oft
delay of less than 30 seconds when the thermostat call for
heating or the thermostat call for cooling i1s less than 2
minutes for veritying the system fan/blower continues oper-
ating for the short fan-ofl delay after the thermostat call for
heating or the thermostat call for cooling and verifying the
system fan/blower turns ofl at an end of the short fan-off
delay based on at least one verification method selected from
the group consisting of:

decreasing a cooling thermostat setpoint below a Condi-
tioned Space Temperature (CST) and energizing the
cooling system for less than 2 minutes and increasing,
the thermostat setpoint above the CST and de-energiz-
ing the cooling system, and

increasing heating thermostat setpoint above the CST and
ecnabling the thermostat call for heating and energizing
the heating system for less than 2 minutes and decreas-
ing the thermostat setpoint below the CST and de-
energizing the heating system.

6. The method of claim 1, wherein:

Detecting the thermostat call for heating 1s based on at
least one heating signal combination selected from the
group consisting of: the heat W signal from the ther-
mostat with or without the fan G signal, the compressor
Y signal and the fan G signal and a Heat Pump (HP)
reversing valve (HP Rev) B signal, and the compressor
Y signal and the fan G signal without a HP Rev O
signal; and

Detecting the thermostat call for cooling 1s based on at
least one cooling signal combination selected from the
group consisting of: the compressor Y signal from the
thermostat with the fan G signal, the compressor Y
signal with the fan G signal without the HP Rev B
signal, and the compressor Y signal with the fan G
signal and the HP Rev O signal.

7. The method of claim 6, further comprising processing,
the heat W signal as the Heat Pump (HP) reversing valve
signal based on detecting at least one signal selected from
the group consisting of:

a siusoid signal on a HP detect signal input provided by

a wire connected to a hot R signal input from a system
transformer to detect a HP reversing valve energized
for cooling on the heat W signal input, and

a rectified signal on the HP detect signal input provided by
a diode connected to the hot R signal mput from the
system transformer to detect the HP reversing valve
energized for heating on the heat W signal iput.

8. The method of claim 6, further comprising eliminating,
at least one false positive stray voltage signal by establishing
at least one minmimum threshold voltage for at least one
active control signal from the thermostat using at least one
Zener diode and at least one opto-1solator and processing the
at least one active control signal from the thermostat
selected from the group consisting of: the fan G signal, the
compressor Y signal, and the heat W signal.

9. The method of claim 1, further including detecting the
heat W signal 1s activated and the fan G signal i1s not
activated and waiting to energize the fan signal output and
operating the system fan/blower until a fan-on delay P1 has
expired to provide time for a heat exchanger of a gas furnace
to reach operating temperature.

10. A method of controlling a fan, comprising;:

detecting a thermostat call for heating based on detecting,
a heat W signal from a thermostat 1s activated or
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detecting a thermostat call for cooling based on detect-
ing a compressor Y signal from the thermostat is
activated and energizing a fan signal output from a fan
controller and operating a system fan/blower while the
heat W signal 1s activated or the compressor Y signal 1s
activated and energizing or continuing to energize the
fan signal output and operating a system fan/blower for
a variable fan-ofl delay provided by the fan controller
immediately after the heat W signal 1s de-activated or
the immediately after compressor Y signal 1s de-acti-
vated and de-energizing the fan signal output and not
operating the system fan/blower after the variable fan-
ofl delay when a fan G signal 1s not activated;

wherein the vanable fan-off delay 1s based on at least one
drybulb temperature measurement selected from the
group consisting of: a Supply Air Temperature (SAT),
a Return Air Temperature (RAT), and a Conditioned
Space Temperature (CST); and,

detecting the fan G signal 1s activated and the heat W
signal 1s not activated and the compressor Y signal 1s
not activated indicating at least one fan-on duration
control selected by a user, and energizing or continuing
to energize the fan signal output and operating the
system fan/blower while the fan G signal 1s activated
and de-energizing the fan signal output and not oper-
ating the system fan/blower and not prowdmg the
variable fan-oil delay when the fan G signal 1s de-
activated.

11. The method of claim 10, wherein the variable fan-oft
delay 1s based on at least one fan-ofl delay temperature
control selected from the group consisting of:

the varniable fan-ofl delay for heating 1s ended when the

SAT 1s at least 5 degrees Fahrenheit (° F.) greater than
the CST or the SAT 1s at least 5° F. greater than the
RAT,

the variable fan-ofl delay for cooling 1s ended when the

SAT 1s at least 5° F. less than the CST or the SAT 1s at
least 5° F. less than the RAT,

the vaniable fan-oil delay 1s ended when the CST reaches

an inflection point where a rate of change of the CST
with respect to time (d'1/dt) equals zero plus or minus
a tolerance wherein the rate of change of the CST with

respect to time 1s defined as a temperature difference
between at least two measurements of the CST divided
by a time difference between the at least two measure-
ments of the CST

the varniable fan-ofl delay for heatmg 1s ended when the
CST decreases below a previous measurement of the
CST during the variable fan-ofl delay or the variable
fan-ofl delay 1s ended when the CS'T crosses an upper
heating differential at least once, and

the variable fan-ofl delay for cooling 1s ended when the
CST 1increases above the previous measurement of the
CST during the variable fan-off delay or the variable
fan-ofl delay 1s ended when the CST crosses a lower
cooling differential at least once.

12. A method of controlling a fan, comprising:

detecting a thermostat call for cooling based on detecting
a compressor Y signal 1s activated and energizing a fan
signal output from a fan controller and operating a
system fan/blower while the compressor Y signal 1s
activated and energizing or continuing to energize the
fan signal output and operating the system fan/blower
for a variable fan-off delay provided by the fan con-
troller immediately after the compressor Y signal 1s
de-activated and de-energizing the fan signal output
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and not operating the system fan/blower after the
variable fan-oifl delay when a fan G signal 1s not
activated:

wherein the varniable fan-off delay 1s based on at least one
duration selected from the group consisting of: the
duration of the thermostat call for cooling while the
compressor Y signal 1s activated; and

detecting the fan G signal 1s activated and the compressor
Y signal 1s not activated indicating at least one fan-on
duration control selected by a user, and energizing or
continuing to energize the fan signal output and oper-
ating the system fan/blower while the fan G signal 1s
activated and de-energizing the fan signal output and
not operating the system fan/blower and not providing
the variable fan-ofl delay when the fan G signal 1is
de-activated after the at least one fan-on duration
control selected by a user.

13. The method of claim 12, further including detecting
the fan G signal 1s de-activated during the variable fan-ofl
delay immediately after the compressor Y signal 1s de-
activated and continuing to energize the fan signal output
and operate the system fan/blower for the vanable fan-ofif
delay and de-energizing the fan signal output and turning off
the system fan/blower after the variable fan-ofl delay.

14. The method of claim 12, further comprising providing
a fan-on alarm message indicating the system fan/blower 1s
operating intermittently or continuously and providing the
fan-on alarm message using at least one communication
method selected from the group consisting of: a graphical
display, a text message, an email message, and an audio
communication message.

15. The method of claim 12, wherein the thermostat call
for cooling 1s based on at least one cooling signal combi-
nation selected from the group consisting of: the compressor
Y signal from the thermostat with the fan G signal, the
compressor Y signal with the fan G signal without a Heat
Pump (HP) reversing valve (HP Rev) B signal, and the
compressor Y signal with the fan G signal and a HP Rev O
signal.

16. The method of claim 15, further comprising process-
ing a heat W signal as a HP Rev signal based on detecting
at least one signal selected from the group consisting of:

a sinusoid signal on the HP detect signal input provided
by a wire connected to a hot R signal mput from a
system transformer to detect a HP reversing valve
energized for cooling on the heat W signal mput, and

a rectified signal on the HP detect signal input provided by
a diode connected to the hot R signal mput from the
system transformer to detect the HP reversing valve
energized for heating on the heat W signal iput.

17. The method of claim 15, further comprising eliminat-
ing at least one false positive stray voltage signal by estab-
lishing at least one minimum threshold voltage for at least
one active control signal from the thermostat using at least
one Zener diode and at least one opto-1solator and process-
ing the at least one active control signal from the thermostat
selected from the group consisting of: the fan G signal, the
compressor Y signal, and a heat W signal.

18. The method of claim 15, further including a short
fan-ofl delay of less than 30 seconds when the thermostat
call for cooling i1s less than 2 minutes for verifying the
system fan/blower continues operating for the short fan-oft
delay after the thermostat call for cooling and verifying the
system fan/blower turns ofl at an end of the short fan-off
delay based on decreasing a cooling thermostat setpoint
below a Conditioned Space Temperature (CST) and ener-
gizing the cooling system for less than 2 minutes and
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increasing the thermostat setpoint above the CST and de- 20. The method of claim 19, wherein the vanable fan-off
energizing the cooling system. delay is based on at least one fan-off delay temperature
19. The method of claiam 12, A method of controlling a control selected from the group consisting of:

fan, comprising:
detecting a thermostat call for cooling based on detecting 4

the variable fan-oil delay 1s ended when the SAT 1s at least

a compressor Y signal is activated and energizing a fan 5 degrees Fahrenheit (° I.) less than the CS'T or the SAT
signal output from a fan controller and operating a 1s at least 5° F. less than the RAT,
system fan/blower while the compressor Y signal 1s the variable fan-off delay is ended when the CST reaches

activated and energizing or continuing to energize the
fan signal output and operating the system fan/blower
for a variable fan-off delay provided by the fan con-
troller immediately after the compressor Y signal 1s
de-activated and de-energizing the fan signal output
and not operating the system fan/blower after the
variable fan-off delay when a fan G signal i1s not

an 1nflection point where a rate of change of the CST
10 with respect to time (d'1/dt) equals zero plus or minus
a tolerance wherein the rate of change of the CST with
respect to time 1s defined as a temperature difference
between at least two measurements of the CST divided
by a time difference between the at least two measure-

activated: 15 ments of the CST, and

wherein the varniable fan-off delay 1s based on at least one the varniable fan-off delay 1s ended when the CST
drybulb temperature measurement selected from the increases above a previous measurement of the CST
group consisting of: a Supply Air Temperature (SAT), during the variable fan-off delay or the variable fan-off
a Return Air Temperature (RAl), and a Conditioned delay is ended when the CST crosses a lower cooling
Space lemperature (CST); and 20 differential at least once.

detecting the fan G signal 1s activated and the compressor
Y signal 1s not activated indicating at least one fan-on
duration control selected by a user, and energizing or
continuing to energize the fan signal output and oper-
ating the system fan/blower while the fan G signal 1s 35
activated and de-energizing the fan signal output and
not operating the system fan/blower and not providing
the vaniable fan-off delay when the fan G signal 1s
de-activated after the at least one fan-on duration
control selected by a user. S I

21. The method of claim 19, wherein the at least one
fan-on duration control selected by the user 1s selected from
the group consisting of: a continuous fan-on duration setting
or a schedule, an intermittent fan-on duration setting or the
schedule, a variable fan-on duration setting or the schedule,
a fan-on duration setting or the schedule, a recurring fan-on
duration setting or the schedule, and a fractional fan-on
duration setting or the schedule.
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